Unisys Federal Systems http://flick.gsfc.nasa.gov/radhome/tid/PPM-99-013. pdf

Uni sys
DATE: January 08, 1999 PPM-99-013
TO: B. Forsbacka/562

FROM: K. Sahu/S. Kniffin/300.1
SUBJECT: Radiation Report on KM 684002AJ-17 (Samsung) (L DC 9826)
PROJECT: COS

cc: R. Reed/562, A. Sharma/562, OFA Library/300.1

A radiation evaluation was performed on KM 684002AJ-17 (KM 684002) 512k x 8 Bit High Speed CM OS SRAM
(Samsung) to determine the total ionizing dose (TID) tolerance of these parts. The TID testing was performed using
a Co™ gamma ray source. During the radiation testing, four parts were irradiated under bias (see Figure 1 for bias
configuration) and one part was used as a control sample. The TID radiation levels were 2.5, 5.0, 7.5, 10.0, 13.0,
16.0, 20.0, 30.0, 50.0, 75.0, and 100.0kRads.' The dose rate was 0.174kRads/hour (0.05Rads/s). See Table I for
the radiation schedule and effective dose rate calculation. After the 100.0kRad irradiation, the parts were annealed
under bias at 25°C and tested after 168 and 288 hours? After each radiation exposure and annealing treatment, parts
were dectrically tested according to the test conditions and the specification limits® listed in Table 111, These tests
included functional tests (Checkerboard and Inverse Checkerboard) at 5SMHz and 20MHz. The functional tests were
performed in 64k x 8 bit blocks for a total of 8 functional tests per pattern per frequency for the 512k x 8 hit
memory. These blocks were: Block 1 = Ok to 64k, Block 2 = 65k to 128k, Block 3 = 129k to 192k, Block 4 = 193k
to 256k, Block 5 = 257k to 320k, Block 6 = 321k to 384k, Block 7 = 385k to 448k, and Block 8 = 449k to 512k.

An executive summary of the test results is provided below in bold, followed by a detailed summary of the test
results after each radiation level and annealing step. For detailed information, refer to Tables | through 1V and
Figure 1.

All parts passed all tests initially and upon irradiation to 30kRads. After 50kRads all parts showed one
functional failure in one of the blocks in each functional test. After 75 and 100kRads, the parts showed
functional failuresin many blocks and some degradation in tog, ISB, 1SB1, and Icc. After annealing the parts
for 288 hoursat 25°C, all parts showed significant recovery in all parameter swith all parts passing functional
testsin most blocks, but still failing in one or two blocks and only mar ginal degradation in 1SB1.

Initial eectrical measurements were made on 5 samples. Four samples (SN’s 52, 53, 54, and 55) were used as
radiation samples while SN 50 was used as a control sample. All parts passed all tests during initial electrical
measurements.

All parts passed all tests up to 30kRads.

After the 50kRad irradiation, all parts failed the 321 to 384k block Functional Test for checkerboard and inverse
checkerboard at both 20MHz and 5SMHz. All parts passed all other tests.

After the 75kRad irradiation, all parts failed a majority of al blocks of all functional tests. SN52 had degraded to
the point where toe could not be reliably measured. All parts exceeded the specification limit of 10.0mA for 1SB1
with readingsin therange of 17.7 to 33.4mA. All partspassed all other tests.

After the 100kRad irradiation, all partsfailed all blocks of al functional tests. Four parts had degraded such that toe
could not be reliably measured. Three parts exceeded the specification limit of 50mA for ISB with readings in the

! Theterm Rads, as used in this document, means Rads (silicon). All radiation levels cited are cumulative.,

2 The temperature 25°C as used in this document implies room temperature.

% These are manufacturer’s pre-irradiation data specification limits. The manufacturer provided no post-irradiation
limits at the time these tests were performed.
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range of 60.4 to 76.9mA. All parts exceeded the specification limit for ISB1 with readings in the range of 37.8
to75.3mA. SN54 also marginally exceeded the specification limit of 165mA for Icc with areading of 167.7mA. All
parts passed all other tests.

After annealing the parts for 168 hours at 25°C, all parts showed significant recovery in the functional tests with all
parts failing only the four 321 to 384k block functional tests as they did at 50kRads. All parts showed significant
recovery in all other sensitive parameters. All parts had readings within specification limitsfor tog, 1SB and Icc. All
parts showed some recovery in 1SB1 with readingsin the range of 19.0 to 38.7mA.

After annealing the parts for 288 hours at 25°C, all parts continued to show significant recovery in the functional
tests. Only 3 parts (SN 52, 54, 55) failed the 321 to 384k block functional test for Checkerboard at 5MHz and
20MHz and 3 parts (SN 52, 53, 55) failed the 321 to 384k block functional test for Inverse Checkerboard at 5SMHz
and 20MHz. Only 3 parts exceeded the specification limit for 1ISB1 with readingsin the range of 10.7 to 13.2mA.

Table IV provides a summary of the test results with the mean and standard deviation values for each parameter
after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call us at
(301) 731-8954.

ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed soldly for the
purpose of providing general guidance to employees of the Goddard Space
Hight Center (GSFC). This document may be distributed outside GSFC only as
a courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the information contained herein, is
expressly conditional upon, and is subject to, the following understandings and
limitations:

(a) The information was developed for general guidance only and is subject to
change at any time;

(b) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(c) GSFC does not warrant the accuracy of the information when applied or used
under other than unique GSFC laboratory conditions;

(d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

(e) Neither the United States government nor any person acting on behalf of the
United States government assumes any liahility resulting from the application or
use of the information.
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Figure 1. Radiation Bias Circuit for KM684002AJ17
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1. Vcc=5.0V £0.5V.

2. Vco/2=25V +0.25V.
3. R=2kW+5%, VAN.
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TABLE I. Part Information

Generic Part Number:

COS Part Number:

Charge Number:

Manufacturer:

Lot Date Code (LDC):

Quantity Tested:

Serial Number of Control Samples:
Serial Numbers of Radiation Samples:
Part Function:

Part Technol ogy:

Package Style:

Test Equipment:

Test Engineer:

KM684002A
KM684002AJ-17
M99501
Samsung

9826

5

50

52, 53, 54, and 55
512k x 8 Bit High Speed CMOS SRAM
CMOS

36 Pin SOJ

A540

S. Archer-Davies

The manufacturer for this part guaranteed no radiation tolerance/hardness.
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TABLE Il. Radiation Schedule for KM684002AJ-17

BV EN T e DATE

1) INITIAL ELECTRICAL MEASUREMENTS ... .coiiiiiiiieiti ettt 11/16/98
2) 2.5 KRAD IRRADIATION (0.147 KRADS/HOUR) .....coiiiiiiiiiiiieiie st 11/17/98
POST-2.5 KRAD ELECTRICAL MEASUREMENT ...ttt 11/18/98
3) 5.0 KRAD IRRADIATION (0.147 KRADS/HOUR) ......ooiiiiiiiiiiieiie et 11/18/98
POST-5.0 KRAD ELECTRICAL MEASUREMENT ...ttt 11/19/98
4) 7.5 KRAD IRRADIATION (0.147 KRADS/HOUR) ......ccitiiiieiieiieiiesie et 11/19/98
POST-7.5 KRAD ELECTRICAL MEASUREMENT ...ttt 11/20/98
5) 10.0 KRAD IRRADIATION (0.038 KRADS/HOURY) .......coiiiiiiiniiiiiiiie st 11/20/98
POST-10.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiiie e 11/23/98
6) 13.0 KRAD IRRADIATION (0.075 KRADS/HOURY) .......coiiiiiiiiiriiieiie st 11/23/98
POST-13.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiiie e 11/25/98
7) 16.0 KRAD IRRADIATION (0.026 KRADS/HOURY) .......coiiiiiiiiiiiieiie sttt 11/25/98
POST-16.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiii e 11/30/98
8) 20.0 KRAD IRRADIATION (0.250 KRADS/HOURY) .......coiiiiiiiiiiiiieiie e 11/30/98
POST-20.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiiie e 12/01/98
9) 30.0 KRAD IRRADIATION (0.153 KRADS/HOURY) .......coiiiiiiiiiiiiieiie et 12/01/98
POST-30.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiiie e 12/04/98
10) 50.0 KRAD IRRADIATION (0.307 KRADS/HOUR)........coiiiriiirieiniienieesieesiee e siee s 12/04/98
POST-50.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiie e 12/07/98
11) 75.0 KRAD IRRADIATION (0.609 KRADS/HOURY)........coieimieiiteinieenieesieesiee e ssee e snee s 12/07/98
POST-75.0 KRAD ELECTRICAL MEASUREMENT ......ooiiiiiiiiiiiie e 12/09/98
12) 100.0 KRAD IRRADIATION (0.609 KRADSHOURY)........cceiiiirieiniiiniiesiie s 12/09/98
POST-100.0 KRAD ELECTRICAL MEASUREMENT ...t 12/11/98
13) 168 HOUR ANNEALING @25°C......ccueiiueiitieitiesieesieesieesiee st st stee i sbeesneesseesseessessseesneesneesneesneesnnenneas 12/11/98
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT .....ooiiiiiiiiec e 12/18/98
14) 288 HOUR ANNEALING @25°C......ccueiiuiiitieitiesieesieesiee st siee st st stee st sneessessseesnessseesneasneesneesneesnnesneas 12/18/98
POST-288 HOUR ANNEAL ELECTRICAL MEASUREMENT .....ooiiiiiiiiecr e 12/23/98

Effective Dose Rate = 100,000 RADS/24 DAY S=173.6 RADS/HOUR=0.05 RADS/SEC

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS, SEE FIGURE 1.
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Tablelll. Electrical Characteristics of KM684002AJ-17 /1

Test Spec. Lim.
# Parameter Units Test Conditions /2 min max
Functional Tests
A |Checkerboard 20MHz  PIF ]\c’\’:r'ztoe’l\;ﬁf"‘;‘?\%‘f'g_eé\k}f’%r: n 2?‘2”\‘/’5‘\‘/32?: 05V, Vey = 05V 13
B |Checkerboard SMHz — PIF fwi'sfﬁ E??/Shzeg.(se\r/k,x\)/idzl gg?/k 3:?: 0.5V, Vo, = 0.5V /3
C I nver se Checkerboard PIE Write/Read I nver se Checkerboard in 64k steps, 3
20MHz f=20MHz, V,, =08V, V|4 =2.2V, Voy = 0.5V, Vo =05V
D I nver se Checkerboard PIE Write/Read I nver se Checkerboard in 64k steps, 3
5MHz f=5MHz V, =08V, V=22V, Vo4 =05V, Vo =05V
Parametric Tests
1-8 |OE toValid Output ns|OE to Valid Output, V¢c =5V 8
11-18 ([VOL /4 Vilor =4mA,Vce =5V, V. =08V, V,y =22V 0.4
21-28 [VOH Viloy =-4mA, Ve =5V, VL =08V, V| =22V 24
30-51(I1L NA|Vcc =5.0V, V iy =0V -2000 | 2000
60-81|I1H NA|Vcc =5.0V, Vv =5V -2000 | 2000
91-98 |ILO_10ZL NA|Vcc =5.0V, WE =0V, CS=5V, Vour =0V -2000 | 2000
100 |ISB MA Ve =5.0V,CS=22V, f =5MHz 50
101 |ISB1 MA[Vce =5.0V,CS=2.2V,V, =02V, V| =48V 10
102 |ICC MA|[Vce =5.0V,CS=0.8V, f =5MHz 165
Notes:

1/ These are the manufacturer’s non-irradiated data sheet specification limits. The manufacturer provided no post-
irradiation limits at the time the tests were performed.

2/ Functional tests and AC parameters were done without output loading.

3/ The functional tests were performed in 64k x 8 bit blocks for atotal of 8 functional tests per pattern per frequency
for the 512k x 8 bit memory. See below for the sizing of the blocks for the functional tests.

4/ VOL was performed at |, = 4mA instead of 8mA because of problemswith oscillations.

Each of thefour (A - D) functional tests included these blocks.

Block 1

Ok to 64k

Block 2 65k to 128k
Block 3 129k to 192k
Block 4 193k to 256k
Block 5 257k to 320k
Block 6 321k to 384k
Block 7 385k to 448k
Block 8 449k to 512k
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TABLE IVa: Summary of Functional Tests after Total Dose Exposures and Annealing for KM 684002AJ-17

Total Dose Exposur e (kRads Si) Annealing
Initial 25 5.0 75 10.0 13.0 16.0 20.0 30.0 50.0 75.0 100.0 168 hours 288 hours
Memory @25°C @25°C
Test Block /1 Parameters Units | mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd mean sd
Functional Tests /2
A 1 |Checkerboard 20MHz PF] P P P P P P P P P P 3P/AF F P P
A 2 |Checkerboard 20MHz PF]l P P P P P P P P P P 2P/2F F P P
A 3 |Checkerboard 20MHz PF]l P P P P P P P P P P 2P/2F F P P
A 4 |Checkerboard 20MHz PF]l P P P P P P P P P P 3P/AF F P P
A 5 Checkerboard 20MHz P/F P P P P P P P P P P F F P P
A 6 |Checkerboard 20MHz PFl P P P P P P P P P F F F F 1P/3F
A 7 |Checkerboard 20MHz PF] P P P P P P P P P P 1P/3F F P P
A 8  |Checkerboard 20MHz PF]l P P P P P P P P P P 1P/3F F P P
B 1 Checkerboard 5SMHz P/F P P P P P P P P P P P F P P
B 2 |Checkerboard 5SMHz PF]l P P P P P P P P P P 2P/2F F P P
B 3 |Checkerboard 5SMHz PF] P P P P P P P P P P 3P/AF F P P
B 4 |Checkerboard 5SMHz PF] P P P P P P P P P P 3P/AF F P P
B 5 |Checkerboard 5SMHz PF] P P P P P P P P P P 1P/3F F P P
B 6 |Checkerboard 5SMHz PF]l P P P P P P P P P F F F F 1P/3F
B 7 |Checkerboard 5SMHz PF] P P P P P P P P P P 2P/2F F P P
B 8  |Checkerboard 5SMHz PF]l P P P P P P P P P P 1P/3F F P P
[ 1 |InverseCheckerboard 20MHz  PIF] P P P P P P P P P P 1P/3F F P P
[ 2 |InverseCheckerboard20MHz  PIF] P P P P P P P P P P 2P/2F F P P
[} 3 I nver se Checker board 20MHz P/F P P P P P P P P P P F F P P
[ 4 |InverseCheckerboard20MHz  PIF] P P P P P P P P P P 1P/3F F P P
[ 5 |InverseCheckerboard20MHz  PIF] P P P P P P P P P P 1P/3F F P P
o] 6 |InverseCheckerboard 20MHz _ PIF] P P P P P P P P P F F F F 1P/3F
C 7 I nver se Checker board 20MHz P/F P P P P P P P P P P F F P P
C 8 I nver se Checker board 20MHz P/F P P P P P P P P P P F F P P
D 1 |InverseCheckerboard5MHz ~ PIF] P P P P P P P P P P 1P/3F F P P
D 2 |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 2P/2F F P P
D 3 |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 2P/2F F P P
D 4 |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 1P/3F F P P
D 5 |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 1P/3F F P P
D 6 |InverseCheckerboard5MHz  PIF] P P P P P P P P P F F F F 1P/3F
D 7 |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 1P/3F F P P
D 8  |InverseCheckerboard5MHz  PIF] P P P P P P P P P P 1P/3F F P P
Not

tes.
v
2/

Theblocks are: Block 1 = Ok to 64k, Block 2 = 65k to 128k, Block 3 = 129k to 192k, Block 4 = 193k to 256k, Block 5 = 257k to 320k, Block 6 = 321k to 384k, Block 7 = 385k to 448k, and Block 8 = 449k to
For the functional tests, P (F) indicates that all parts passed (failed) thistest at thislevel. mP/nFimpliesthat m parts passed and n parts failed this test at thislev
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Total Dose Exposure (kRads Si) Annealing
Initial 25 5.0 75 10.0 13.0 16.0 20.0 30.0 50.0 75.0 100.0 168 hours 288 hours
Test Spec. Lim. /2 @25°C @25°C
#  Parameters Units  min max_ | mean < mean < mean < mean < mean < mean < mean < mean < mean < mean < mean < mean < mean < mean <
Parametric Tests
1-8 |tOE to Valid Output ns| 6.2 0 6.2 0.1 6.0 0.1 6.1 0.2 6.3 0.1 6.0 0.1 58 0.1 59 0.2 58 0.2 6.3 0.2 85 67 3/ 6.0 0.3 59 0.2
11-18 |[VOL \ 0.4 0.38 0.08 0.38 0.01 0.36 0.01 0.38 0.03 0.30 0.01 0.29 0.01 0.24 0.01 0.24 0.01 0.24 0.01 0.23 0.01 0.23 0.01 0.23 0.01 0.27 0.01 0.27 0.01
21-28 [VOH V| 24 279 0.08 279 0.08 2.80 0.09 279 0.10 2.78 0.09 2.80 0.09 2.85 0.09 2.85 0.08 2.85 0.08 2.80 0.13 2.82 0.09 2.84 0.09 2.81 0.10 277 0.10
30-51 |IIL nA|[ -2000 | 2000 12 1 13 1 13 0 13 0 13 0 13 0 13 0 13 0 13 0 13 0 13 0 13 0 13 0 13 0
60-81 [IIH nA| -2000 | 2000 14 0 12 0 14 1 14 1 14 1 14 1 14 0 14 1 14 1 14 0 14 0 14 1 14 1 13 1
91-98 |ILO nA| -2000 | 2000 11 0 11 0 12 1 11 0 12 1 11 0 12 1 12 1 13 1 14 1 13 1 13 1 12 1 12 1
100 |IsB mA 50 7 0.4 7 0.4 7 0.4 7 0.4 7 0.4 7 0.4 7 0.4 7 0.4 7 0.4 10 0.7 28 7 63 15 32 8 12 2
101 |ISB1 mA 10 6 0.4 6 0.4 6 0.4 6 0.4 6 0.4 6 0.4 6 0.4 6 0.4 6 0.4 9 0.7 27 7 61 15 31 8 11 2
102 |ICC mA 165 116 4 114 5 115 9 115 5 114 6 114 7 110 8 116 9 114 9 116 1 133 9 160 7 137 9 119 5
Notes:
1/ Themean and standard deviation values were calculated over the four partsirradiated in thistesting. The control samples remained constant throughout testing and are not included in this table.
2/ Theseare manufacturer's pre-irradiation data sheet specification limits. No post-irradiation limits were provided by the manufacturer at the time the tests were performed.
3/ Noreliable measurements of this parameter could be made at this level.

Radiation sensitive parameters: tOE, 1SB, 1SB1, Icc.




